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Comparing with others wafer direct bonding technology, low-temperature 
bonding technique can avoid the defect caused by high temperature annealing, it is 
widly used in many production processes of device, such as MEMS 
(Micro-Electro-Mechanical System), SOI, Piezoelectrics and acoustooptics. Aim at 
traditional low-temperature bonding technology is not suitable for a mobil wafer, a 
new low-temperature bonding technology is proposed, which combins wet processes 
of activation with plasma dry of activation. Based on the low-temperature bonding 
technology, theory, process researches and quality assessment are presented as 
follows: 
（1）We analyzed each mechanism, including wet process of activation, plasma 
dry of activation and a combination of the two. Based on the surface energy, 
introduced emphasizly advantages of the method that wet processes of activation 
combined with plasma dry of activation. Then, a bonding model is build up using 
Hertz contact theory from physical point of view, according to the force analysis of 
the model, for elastic deformation can cause the contact stress and adsorbability can 
emerge in activation process, the influences on wafer direct bonding are discussed 
based on them, it is helpful to bonding when adsorbability larger than contact stress in 
wafers. At last, the method for the evaluation of bonding quality is proposed and an 
experiment which is a comparison of wet activation, plasma activation and the 
combination of the two is presented aiming for verifying the superiority of the method 
we proposed. 
（2）It studies the low-temperature direct bonding of materials without the oxide 
layer such as the bonding of silicon and silicon. The influence of plasma activation 
time on bonding quality is studied from the surface energy perspective. From the view 
of the contact force, extern applied force and the duration time of extern applied force 
are also studied. Finally, annealing atmosphere and annealing temperature are studied 
from the point of external factor. An analysis is provided based on the above study. 
The best parameters for the low-temperature of silicon and silicon is drew from the 
comparison of the above study.  
（3）It also studies the low-temperature direct bonding of materials with the 
oxide layer such as the bonding of silicon and oxide silicon. A comparison experiment 















conclusion that silicon with plasma activation and oxide silicon with wet activation is 
helpful for the bonding of silicon and oxide silicon. The influence of plasma 
activation time, extern applied force, the duration time of extern applied force, 
annealing atmosphere and annealing temperature on bonding area and bonding 
strength are also studied. An analysis is provided based on the above study. The best 
parameters for the low-temperature of silicon and oxide silicon is drew from the 
comparison of the above study. 
（4）Based on the above results we have got, it realizes bonding of silicon and 
silicon with the cavity, and then accomplishes bonding of silicon wafer and silicon 
wafer, which provide experimental basis for the fabrication of MEMS devices and 
SOI devices. 
 














目  录 
V 
目  录 
摘  要 ......................................................................................................... I 
目  录 ........................................................................................................ V 
第一章 绪  论 .......................................................................................... 1 
1.1 晶圆键合技术的应用以及低温键合技术 .......................................................... 1 
1.1.1 硅基 MEMS 加工技术 .................................................................................. 1 
1.1.2 低温键合技术 ................................................................................................ 2 
1.1.3 晶圆低温键合技术的应用 ............................................................................ 3 
1.1.4 低温键合技术的研究现状 ............................................................................ 7 
1.2 本文的研究目标与主要研究内容 ...................................................................... 8 
第二章 低温直接键合技术的理论分析 ................................................ 10 
2.1 晶圆键合的化学结合机制 ............................................................................... 10 
2.1.1 湿法活化 ..................................................................................................... 11 
2.1.2 等离子体干法活化 ...................................................................................... 12 
2.1.3 湿法活化与等离子体干法活化相结合 ...................................................... 14 
2.2 晶圆键合的物理结合机制 ................................................................................ 15 
2.2.1 赫兹接触理论 .............................................................................................. 15 
2.2.2 高斯分布模型的建立 .................................................................................. 17 
2.2.3 晶圆接触变形过程分析 .............................................................................. 18 
2.3 本章小结 ............................................................................................................ 20 
第三章 低温直接键合技术的实验研究 ................................................ 21 
3.1 低温直接键合工艺流程 .................................................................................... 21 
3.2 低温直接键合实验方案设计 ............................................................................ 25 
3.3 低温直接键合效果的检测以及表征 ................................................................ 28 
3.3.1 检测晶圆键合可行性的方法 ...................................................................... 28 
3.3.2 键合强度的检测 .......................................................................................... 29 
3.3.3 空洞检测 ...................................................................................................... 31 
3.4 三种活化方法的对比实验 ................................................................................ 32 
3.5 本节小结 ............................................................................................................ 34 
第四章 晶圆键合质量评估 .................................................................... 36 















4.1.1 等离子活化时间长短对键合质量的影响 .................................................. 36 
4.1.2 键合时施加负载对键合质量的影响 .......................................................... 43 
4.1.3 键合压力保持时间对键合质量的影响 ...................................................... 48 
4.1.4 退火氛围以及退火温度对键合质量的影响 .............................................. 53 
4.2 硅晶圆与二氧化硅晶圆的低温键合参数研究 ................................................ 56 
4.2.1 等离子活化时间长短对键合质量的影响 .................................................. 56 
4.2.2 键合压力对键合质量的影响 ...................................................................... 63 
4.2.3 键合压力保持时间对键合质量的影响 ...................................................... 68 
4.2.4 退火氛围以及退火温度对键合质量的影响 .............................................. 72 
4.3 带腔体硅片的键合以及晶圆的键合 ................................................................ 75 
4.3.1 带腔体硅片的键合 ...................................................................................... 76 
4.3.2 圆片级晶圆的键合 ...................................................................................... 79 
4.4 本章小结 ............................................................................................................ 80 
第五章 结论与展望 ................................................................................ 82 
5.1 结论 ................................................................................................................... 82 
5.2 工作展望 ........................................................................................................... 83 
参考文献................................................................................................... 84 
致  谢 ....................................................................................................... 88 
















Abstract ...................................................................................................... I 
Contents .................................................................................................... V 
Chapter 1 Introduction ............................................................................. 1 
1.1 Application of Wafer Bonding and Low-temperature Bonding…………….1 
1.1.1 Silicon based MEMS Machining Technology ............................................... 1 
1.1.2 Low-temperature Bonding Technology ......................................................... 2 
1.1.3 Application of Low-temperature Bonding Technology ................................. 3 
1.1.4 Current Research of Low-temperature Bonding Technology ........................ 7 
1.2 Tarks and Works ................................................................................................ 8 
Chapter 2 Theoretical Analysis of Low-temperature Direct   
Bonding .................................................................................................... 10 
2.1 Chemical Principles of Low-temperature Direct Bonding………………... 10 
2.1.1 Wet activation .............................................................................................. 11 
2.1.2 Plasma activation ......................................................................................... 12 
2.1.3 Combination of Wet activation and Plasma activation ................................ 14 
2.2 Physical Principles of Low-temperature Direct Bonding ............................. 15 
2.2.1 Herzd Contact Theory .................................................................................. 15 
2.2.2 Propose of Gaussian Distribution Model ..................................................... 17 
2.2.3 Analysis of Asperities Contact Deformation................................................ 18 
2.3 Summary ........................................................................................................... 20 
Chapter 3 Experiments on Low-temperature Direct Bonding ........... 21 
3.1 Low-temperature Direct Bonding Process ..................................................... 21 
3.2 Experimental design on Low-temperature Direct Bonding ......................... 25 
3.3 Methods of Evaluating Low-temperature Direct Bonding ........................... 28 
3.2.1 Methods of Evaluating Bonding Viability ................................................... 28 
3.2.1 Evaluation of Bonding Strengh .................................................................... 29 
3.2.1 Detection of Void ......................................................................................... 31 
3.4 Comparision of Three Different Activation Methods ................................... 32 
3.5 Summary ........................................................................................................... 34 















4.1 Parameters Study of Silicon and Silicon Low-temperature Direct 
Bonding .................................................................................................................... 36 
4.1.1 The Effect of Plasma Activation Time on Bonding Quality ........................ 36 
4.1.2 The Effect of Extern Force on Bonding Quality .......................................... 43 
4.1.3 The Effect of Extern Force Time on Bonding Quality ................................. 48 
4.1.4 The Effect of Annealing Atmosphere and Temperature on Bonding  
Quality................................................................................................................... 53 
4.2 Parameters Study of Silicon and Oxicide Silicon Low-temperature Direct 
Bonding .................................................................................................................... 56 
4.2.1 The Effect of Plasma Activation Time on Bonding Quality ........................ 56 
4.2.2 The Effect of Extern Force on Bonding Quality .......................................... 63 
4.2.3 The Effect of Extern Force Time on Bonding Quality ................................. 68 
4.2.4 The Effect of Annealing Atmosphere and Temperature on Bonding  
Quality................................................................................................................... 72 
4.3 Bonding of Silicon With Cavity and Silicon Wafer ....................................... 75 
4.3.1 Bonding of Silicon and Silicon With Cavity ............................................... 76 
4.3.2 Wafer Scale Bonding ................................................................................... 79 
4.4 Summary ........................................................................................................... 80 
Chapter 5 Conclusions and Future Works ........................................... 82 
5.1 Conclusions ....................................................................................................... 82 
5.2 Future Works .................................................................................................... 83 
References ................................................................................................ 84 
Ackonwledgement ................................................................................... 89 













第一章 绪  论 
1 
第一章 绪  论 
1.1 晶圆键合技术的应用以及低温键合技术 














































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
